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Current situation of Staphylococcus aureus infection in
livestock and poultry and progress in the prevention and
control with Chinese herbal medicines

ZHANG Wenjing', LU Ruoyi', XIU Demian?, CAI Ziwen’, WANG Jing’, SUN Zhigang',
SI Xiaohui', SUN Yingjian""?, LIU Xiaoye "

1 Beijing Key Laboratory of Veterinary Medicine (Traditional Chinese Medicine), Beijing University of
Agriculture, Beijing 102206, China
2 School of Animal Science and Technology, Beijing University of Agriculture, Beijing 102206, China

Abstract: Staphylococcus aureus, a common major zoonotic opportunistic pathogen, spreads
widely in the community and the livestock and poultry environment, seriously threatening
veterinary public health. The frequent occurrence of drug-resistant strains of S aureus has
posed a challenge to the antimicrobial strategies based on antibiotics. In response to the Chinese
policy of reducing and substituting antibiotics, a large number of Chinese herbal medicines as
the alternatives of antibiotics have been put into clinical research. This paper summarized the
S aureus infection situation, current status of drug resistance, and epidemic characteristics of
drug-resistant strains in livestock and poultry, summarized the prevention and control
strategies. Furthermore, this paper analyzed the mechanisms and targets of Chinese herbal
medicines in the prevention and control of this pathogen, providing research contents for
clinical research on the antibacterial strategies of Chinese herbal medicines.

Keywords: Saphylococcus aureus; infection situation; current status of drug resistance;
Chinese herbal medicine
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Figure 1 Isolation rate of Staphylococcus aureus in

mastitis of dairy cows in different regions of China!'' .
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*1 HitexhRREeHBEHEKEHRD

Table 1 Other cases of Staphylococcus aureus infection in other animals

VRN R R A AG 0] A () 2% Sk
Symptoms of infection Source Collection location Detection time Reference
DAL Sk P 08 T 2% < it 1 M5 IR XIFFIERFTARRX. 2018 4 5 7 [25]
Runny nose followed by coughing and wheezing  Pig A suburb of Hohhot, Inner May 2018

Mongolia Autonomous Region
R T . BHIEL, SRR TR, RNAEARTE & Jentr 2020 456 1 [26]
A BREAR Pig Beijing June 2020

Elevated body temperature, coarse coat, decreased
feed intake, and diarrhea and shivering are present

EOERL, ONE . FEIERE IR, FEL 2 FU A 34 X H wg T 202144 A [27]
ST, W& A R Sheep Shigatse, Xizang April 2021
There is hemopericardium, enlargement of the Autonomous Region

heart, liver, and kidneys, partial necrosis of the
liver margins, and flesh changes of the lungs

KEIAIR . DK BT IS ¥ BRI X 2022 4E 10 A [28]
Lack of energy, swollen joints, claudication, Goose Dongchuan district, Kunming October 2022
diarrhea

IS R M e L, TR B S S R A X HREA - [29]
P, Bk i ik Chicken  Fujian Province

The joints of the feet are inflamed, swollen and

congested, the palms of the claws are ulcerated and

blackened, and the joints of the toes are swollen

- 2N /A 2020-2021 4 [30]
Cat and dog Shenyang 2020-2021

- RIER

—: Not mentioned.

*2 E0EHAEHRCEHEREMAERGE R

Table 2 In the past decade, the detection rate of drug-resistant Staphylococcus aureus resistance genes

KV MR ifif 245 K5 PR A % 1} 245 1% B0 2% SCHR
Source Drug resistance  Detection rate of drug Drug resistance Reference
gene resistance gene (%)
4 blaz 64.5 HRR, AT R, wAkER . RRER. [31-32]
Cattle  grlIA 95.7 NAHER. BAEZAE
gyrA 97.9 Penicillin, cefoxitin, oxacillin, clindamycin, gentamicin,
norA 97.9 erythromycin, timicoxin
¥+ - - XENIMR, ZRER B, WHR ., FER, FIEER. [27]
Sheep HaE. AMNEEMOER

p-ampicillin, polymyxin B, tetracycline, neomycin,

kanamycin, penicillin, clindamycin, and erythromycin

b4 blaz 96.9 AT R HER . PSPk, 2Nk, WK, £ [33]
Pig grlA 100.0 FHWE B, (i fiemsng
tetM 93.8 Lincomycin, penicillin, amoxicillin, ampicillin,
tetk 100.0 tetracycline, polymyxin B, sulfadiazine
(FF£E)
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(8% 2)
KV MR TS 25 e PR A 1 46 [GESRR 2% CHk
Source Drug resistance  Detection rate of drug Drug resistance Reference
gene resistance gene (%)
Lin(A) 89.2
sull 72.3
ermA 83.0
aac(6')-aph(2')  100.0
W tet 70.7 FURTEMR, HEER. RAGE. AHR. KR, 27 [34-35]
Rabbit erm 53.7 W Tl ER, ke SkET . KRER. T
aph(3)-1lla 53.7 H;?_E?F N f%%%. . .
aac(6')-aph(2") 927 AmplClll.ln, penlclllln,.tobramycm, efythromy.cn.l,
tetracycline, doxycycline, vancomycin, ceftazidime,
cephalexin, gentamicin, amikacin, kanamycin
& ermA 13.6 KR SLAfIE . RAFEZR . A NPIRR ., BSpbpk, [28-29,36]
Fowl  aac(6)-aph(2')  76.7 PR | 2L R WMEARR, MR, RER. Mk
Y. ARV E . RNYE . R E
Spectinomycin, ceftazidime, kanamycin, ampicillin,
amoxicillin, tetracycline, erythromycin, azithromycin,
streptomycin, nalidixic acid, sulfonamide complex,
ofloxacin, ciprofloxacin, norfloxacin
Wi tetM 81.8 MATEE R . R TR AWM. BTSSP BT [30]
Cat and tetk 70.9 AHR. ZUHE, 45X, BERER. R, #58
g ome 655 B . RN . BRI R . ST K
aac(6')-aph(2")  82.7 @u;;%je ) %@@% N IR ) .
Lincomycin, penicillin, tetracycline, ampicillin,
amoxicillin, azithromycin, doxycycline, erythromycin,
tylosin, bacitracin, florfenicol, ciprofloxacin, enrofloxacin,
ofloxacin, cefazolin, cefotaxif, cefquinome, gentamicin
A blaz 60.0 HRER. AHR. WK, whER, MNP E. Kk [37]
Human gr|A 100.0 ok, KApu T, KRER., AFK. Ehmam. L
gyrA 100.0 %@‘%WH( ) ) . .
tetM 7778 P.emcﬂlm, efrythron?y?m, tetra?}./clme, clm.da?mycm,
ciprofloxacin, oxacillin, cefoxitin, gentamicin,
tetk 80.0 chloramphenicol, cotrimoxazole, cefazolin
Lin(A) 30.0
ermA 80.6
ermC 95.0
frih ermA 143 ATE . ABE, WHRE. AHE. WD, KA [3839]
Food  ermC 19.6 MR EHGEW . HER . Rk, L@ T
aph(3)-Illa 54 Erythromycin, clindamycin, tetracycline, Chloramphenicol,

aac(6')-aph(2") 10.7 ciprofloxacin , gentamicin, cotrimoxazole, penicillin,

- RIEK

—: Not mentioned.

oxacillin, cefoxitin
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(# 2).

1942 R PSS —Fk PRSA, &I 24 bk it B
FEZ T blaZ it 5L KW T IZ A7, W K
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ﬁ:}‘ﬂ[‘w]o

1962 4771 T 25 —Fkk MRSA, Hp=A: 5 [
EJUHTA mecA T 24 5 A Y 1R B0 S0t B- P Tt i Tl
Tkt A M MRSA By H B & Bl ™7 4
BT ARA PR, JCHGED . 94— H %
v MRSA 258 Wit S Jivit TR, B R
2R, iR E CHINET W%
B, 7E 2016 4FZ B ST239-t030-1I1 & F H 17
AR, 2016 4EZJRLL STS9-t437-1V Ry F %4y
R, IF EHLAT 20 EA ek 22 M 2004 45,
f 220 UARGE T HETR MRSA B A2,
WE, AMi1%% 51 %] MRSA J&—Fl A& 3L

Penicillin-resistant
Staphylococcus aureus Staphylococcus aureus

| |

19?2 ? tgﬁ ?

Heterogeneous vancomycin mediates Vancomycin-Resistant
Staphylococcus aureus

‘ . Year
2002 2016

1 I I I
USA300
Staphylococcus aureus

Livestock-associated
Staphylococcus aureus

Methicillin-resistant Vancomycin-intermediate
Staphylococcus aureus  resistant Staphylococcus aureus

2 SHREEDREMARIRRITHE  SWOMEER 2GRN A -, AT/ AR AR L.
20 g 50 AR R LAWE R 1A 80/81, MLST/ST30. CC30 M#ifi4rH, EEF| 2016 4Lk ST239-t030-111 43 %!
N, 2016 4FJ5 DL STS59-t437-1V 4 #Ih &=

Figure 2 Development of resistant strains of Saphylococcus aureus**>"). Resistant strains of Staphylococcus
aureus are constantly evolving, and the epidemic typology is constantly changing. In the 1950s, phages 80/81,

MLST/ST30, CC30 were used as popular types, and then ST239-t030-111 were mainly classified until 2016,
and ST59-t437-1V were prevalent after 2016.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



KE F | EREREEBHRERI TR FEARGIZHR 2759

FRMFEURTE . g, SE DGR AU AR
4> 75 # % BR 1 (livestock-associated methicillin-
resistant Saphylococcus aureus, LA-MRSA)7ERK
AL SE R KA T o0 B2 ST398, 1iiAEH [
W ST9-t899M) il 25 ffit 24 B Ak AS Wit itk Ak
USA300 MRSA 73 B R IEZ ) Z AT, %R
TR BUINE T MRSA [RGB I R
TRl

T3t B B RIRYT YL 25 A MRSA W55
—IERTLR, [HIT ARk MRSA X7 i 85 2 A sk
P B WG, 27 TIN5k, 1996 4F,
T2 HAR it £ 2 2 PG I s 2R — kT
BRI 245 114 i A4 00 74 % K T 7 K (heteroresistant
vancomycin-intermediate Staphylococcus aureus,
hVISA), (H I 24V i 7 A 5 i 2 56 R e o¢
F T A M RE N SR B R 1Ol & R Bk
PERR S BES, 1997 4F, HANE T4
— R T EE R b R 2 0 4 BT 0 ) AT BRI

(vancomycin-intermediate resistant Staphylococcus

aureus, VISA), Hiif 25 ML ARG, (HBF5Y
G I8 A% 434 HR A 0 HL T A 5 4 i 200 TR 4N B
WA B B 7 R/ AZ AR AR S [ rpoB
AR PIAASE S 2002 A A — 44 18 3 1) 3
i PRI S5 A PRSI 55—k ot B R T
e O AERE, VRSA #iith A DA R
1 7 Sl i DL e R A i 29 SR A, 20 IR
PRI 25 1 0 7 A R th TR T Tnl546 L
i 1) vanA $ 9\ FH A van 5 DR 5t A% o 14
AR AN L BE LS Ay, BHAE T 7 A R XA I RE A
R A IVE Y, B8 4811, 2006-2020 4, VRSA
RGN T 3.5 £, VRSA Y H5 R A6 7 M
K 5%, TERRIN R 1%, FEREWHR 4%, 7ERE
W 3%, FEIEVIN 16%0%, 2013 4, FRE K
B —Fk VISA, MG VRSA BIHRIER!.
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IR Y K

G WO A ER T A L R R AR
JEP . Z M 2555, AT R i 2 4
TCO R A BR T o BRAE IS $0OS . 4T,
FHFIRYT 22 T 24 4 08 €00 4 46 3K D B L 1R B 4t
BRI 25 ) R 25 e g2 sl L2 P AN B IR K
KRETTE . BATTRE ., bk, EaAER
FtEh b eI RGBT A8 T . BT
BB E ZIRIT AN, Bk FEA Y wE
S HA R BN ROR . QR P R R A £ 7
WEMAPY, ks fis fBiEvh 2 RKER .
FERAHAD, THERSAARDE . F
FEoF B R PO e R R T A . (HAK
SE IR AT AR 28 00 A DR 41 T T 24 17 ) 0 A2 St S
g, 3R F BT 2550 . BT, KEmbos
PUAY 52 BT DA 2 DR UE S AT R SOR R
DA TRTT 25 PEER A T BT A B, AR SOx
R 2h5 7 45 T 24 45 B €0 4 2 K TR 1 SR A T T
guiagl, R RE BT R PR AR LA
41 EEmMEER
411 HEHFHRASECEBIREEMEN
TR

— SR B2 P IE ST AT DA AR MRSA A i A
(B, A 259 AT sk AR, S EUR
I DNA. RNA Shitlt, Ml 7 4w i B K,
Wt AT O | T4 TR (AT
A= ) R T T 48 56 AT G 245 ) R K 0 9 HL
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412 HEHIFIMASHREEEKESHETF
Ry
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PRoCaE R - 100 3 R R e RS o
R, FXLEFRASFECRMA PR MR KR

SERAE, P I AT 5| R M L L LI S
(F3)o ABRTEI, B, LAE . ILEE
Wi K . AT AT o= IR B AR
L NI RAEAIFE , 25908 F s /N U
SEGEIE YRR BﬁcHFNEET &k B+
TNF-a. IL-1B 1 IL-6 By U7, 5 8 5 ms Fi
ﬁéﬁ%’fﬁﬁ’—#Eﬁﬂ&@an%ﬁﬁE* S Agr JHE

MEEEAY AR ERY BERY. M REORIE oF MR A R, HRE . Bk
x3 SHREFFKEBKESZSRUNSIENBXER
Table 3 Saphylococcus aureus toxins and related diseases
R Rl LIPS 3 Hh B 2T 27 Sk
Toxin Function Associated disease Active ingredient in Chinese herbal Reference
medicine
- 1ML R AN, MG T WUnE . kR ﬂ%??—fﬁ Eﬁﬁ“ JLEE. [66,
a-hemolysin . WGEH . RIS, WML Sepsis, pneumonia . MR T)ﬁﬁa K 71-75]
Lysed cells, involved in cell %-3,3'-# H @a@a L AT AR
signaling, proliferation, Schizandra ketone, baicalin,
immunomodulation, hemolysis catechin, kaempferol, quercetin,
artesunate, theaflavin-3,3'-diplus
ester, paeoniflorin derivative
By iR IEE T A FRAERONL AN B A . REEAE . - [67]
Phenol soluble DIRE. S5 40 g kiR HHER
protein Inducing inflammatory Dermatitis,
response, affects immune cell ~ pneumonia, sepsis,
function, and participates in osteomyelitis
bacterial immune escape
EMBHR A B2 20 if 1 24 W BRI 2 57 - [68]
Exfoliating Endothelial cells rupture Diabetic foot ulcers
toxins
R RN Tob e prt IS €3¢ SEYTR . B R FOPIE . P [69,76-77]
Enterotoxin T lymphocyte activator, Bronchiectasis, food  Citronellal, totarol
sensitization poisoning
BEVER TR RE R -1 SRR PR TR RIG BUEMERZ . LWR . IR, BHERT [70,78]
Toxic shock Pyrogenic superantigen R7E T g
syndrome Fever, desquamative ~ Curcumin, hyoscyamine, glyceryl
toxin-1 rash, shock monolaurate
REHTEMERER UK IR P ROMPRLEE T HURR O - [66]
Exfoliating Recognizes and hydrolyzes Ritter’s disease

epidermal toxins desmosomlein in the skin

- RIER

—: Not mentioned.
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